INTRODUCTION
Dynamin is a 100 kDa GTPase required for the late stage in receptor-mediated endocytosis and for the recycling of synaptic vesicles in neurons (reviewed in [1] [2] [3] [4] [5] ). It is believed to have a direct role in detaching clathrin-coated vesicles from the plasma membrane [6, 7] but it has recently been proposed to have a role as a switch to regulate the endocytic step [8] . So far, at least three different dynamin genes have been found with different expression patterns and possibly different functions. The isoform identified originally, now referred to as dynamin I, is expressed at high levels in brain [9] , where it might be dedicated to the recycling of synaptic vesicles [10] . Dynamin II is expressed ubiquitously [11] , most probably promoting receptor-mediated endocytosis. Dynamin III is primarily expressed in the brain, lung and testis [12] ; its function is not yet known.
Several papers have proposed that dynamin has a distinct role in the activation of MAP (mitogen-activated protein) kinase other than receptor endocytosis. Ligand-induced activation of MAP kinase [13, 14] , by both receptor tyrosine kinases and Gprotein-coupled receptors [15, 16] , is also specifically inhibited by dominant-negative mutant dynamin. These observations have been interpreted to indicate that the endocytosis of a wide variety of signalling receptors is a general requirement for receptormediated signal transduction via mitogenic kinase cascades. However, Kranenburg et al. [17] have suggested that receptor internalization is not critical for the activation of MAP kinase and that the activation of MAP kinase by MAP kinase\ERK kinase (MEK) is regulated by dynamin.
Abbreviations used : EMSA, electrophoretic mobility-shift assay ; CAT, chloramphenicol acetyltransferase ; NE-1, NF-κB-like element ; NEBP, NE-1-binding protein ; NF-κB, nuclear factor κB. 1 To whom correspondence should be addressed at the Cell Biology Laboratory, Korea Research Institute of Bioscience and Biotechnology (e-mail younghan!mail.kribb.re.kr).
The nucleotide sequence data reported will appear in DDBJ, EMBL and GenBank Nucleotide Sequence Databases under the accession number AF170568.
nuclear factor (NF)-κB-like element (NE-1) were found, but it lacked TATA and CAAT boxes. Mutational analysis and electrophoretic mobility-shift assay analysis revealed that Sp1 binds to the Sp1 site and that this element is critical for the promoter activity of the dynamin I gene. We found that the NE-1 sequence is required for the expression of the dynamin I gene but NEBP (NE-1-binding protein), which binds to the NE-1 sequence, is not NF-κB. We also found that one base in the NE-1 sequence (the underlined G residue in GGGATTCGCGGA) is critical for binding specificity to discriminate between NEBP and NF-κB. By UV cross-linking analysis, we found that NEBP is an approx. 104 kDa nuclear protein.
Key words : dynamin I, nuclear factor κB, promoter, Sp1.
Although the structure and function of the various members of the dynamin family have been studied extensively [18, 19] , there is little information on their expression mechanism. Early experiments demonstrated that dynamin I is up-regulated during rat brain development. Faire et al. [20] and Cook et al. [12] showed that dynamin I is present only at very low levels before embryonic day 16 ; thereafter its expression increases steadily, with adult levels being attained by postnatal day 23. Through the use of anti-sense oligonucleotides against dynamin I, they also have shown that this up-regulation is necessary for neurite formation [21] . These reports suggested that dynamin I gene expression is important for the development of brain ; however, the regulation mechanism is not yet known.
In the present paper, to examine the molecular mechanism by which the expression of dynamin I is cell-type-specifically regulated, we cloned and characterized the promoter of the mouse dynamin I gene. To define the regions responsible for the celltype-specific promoter activity, we performed deletion and sitedirected mutagenesis analyses. From these studies we showed that an Sp1-binding site spanning k13 to k4 bp and a nuclear factor (NF)-κB-like element (NE-1) sequence at k75 to k64 bp are critical for the constitutive expression of the dynamin I gene in mouse NS20Y neuroblastoma cells. We observed that the transcription factor Sp1 binds to the GC box and an approx. 104 kDa NE-1-binding protein (NEBP) binds to the NE-1 sequence. The NE-1 core sequence differs in a few nucleotides from a consensus NF-κB-binding sequence ; we also defined the sequence requirement that is critical for binding specificity to discriminate between NEBP and NF-κB.
EXPERIMENTAL

Cloning of the 5h-flanking region of the mouse dynamin I gene
A 129SvJ mouse genomic library (Stratagene) was screened with a double-stranded cDNA probe spanning 147 bp from the start codon of the mouse dynamin I cDNA. The probe was labelled with [α-$#P]dCTP with the High prime labelling system (Boehringer Mannheim). Bacteriophages were grown and transferred to nylon membrane. After cross-linking with UV, the filters were prehybridized in 6iSSC [1iSSC is 150 mM NaCl\15 mM sodium citrate (pH 7.0)]\5iDenhardt's solution\1 % (w\v) SDS\50 % (v\v) formamide at 42 mC for 1 h. Filters were hybridized with probe for 16 h. The filters were washed to a final stringency of 0.1iSSC\0.1 % SDS at 55 mC. A 6 kb fragment double-digested with NotI and XhoI was subcloned into pBluescript SK(k) and named pBS-dynIP. The sequences of pBSdynIP were determined by dideoxy sequencing with Sequenase 2.0 (United States Biochemical Corporation) and adenosine 5h-[α-$&S]thio]triphosphate. 
Primer extension analysis
Cell culture
NS20Y, NIH 3T3 and Hepa1C1C7 cells were maintained in Dulbecco's modified Eagle's medium supplemented with 10 % (v\v) fetal bovine serum. Lewis lung and 70Z\3 cells were maintained in RPMI 1640 medium containing 10 % (v\v) fetal bovine serum. All culture media contained 100 units of penicillin and 100 µg\ml streptomycin.
Reporter plasmid construction and transient transfection procedure
PCR was used to generate the dynamin I sequences in plasmids pCATIP931 (in which CAT stands for chloramphenicol acetyltransferase) and 5h serial deletion constructs. To construct pCATIP931, 5h-primer oligonucleotide containing dynamin I sequences identical with positions k931 to k912 and a HindIII linker (5p) was used. The 3h-primer oligonucleotide used in all reactions was complementary to the dynamin-I-coding strand nt j86 to j105 and included an SalI linker (3p). pBS-dynIP was used as the template. PCRs were run with Pfu DNA polymerase (Stratagene) for 25 amplification cycles. The products were cut with HindIII and SalI, then subcloned into pCAT-Basic (Promega). All of the deletion constructs were made by the same methods ; the constructs were named for their 5h end of the dynamin I promoter sequences (pCATIP931 to pCATIP0). The control plasmid pCMVβ (Clontech) contained the cytomegalovirus promoter fused to the β-galactosidase gene. The plasmids pCATIP30mSp1 and pCATIP90mNE-1 are constructs in which the Sp1-binding site and NE-1 sequence were mutated from pCATIP30 and pCATIP90 respectively. These constructs were generated by the overlap extension procedure [22] . They were transfected into NS20Y and other cells by means of Fugene 6 (Boehringer Mannheim). pCAT-Basic (2 µg) and dynamin I-CAT reporter constructs were transfected with pCMVβ into the cells in 10 cm dishes. Cells were harvested 48 h after transfection ; β-galactosidase and CAT activities were measured.
CAT and β-galactosidase assays
To prepare cell extracts for assay for CAT and β-galactosidase expression, cells were scraped and centrifuged at 4 mC for 5 min. The cell pellet was resuspended in 150 µl of 0.25 M Tris\HCl, pH 7.9, and then subjected to three freeze-thaw cycles. Cell debris was centrifuged at 4 mC for 5 min. The resulting supernatant was removed and used directly in the assays. The β-galactosidase assay was performed with chlorophenol red-β--galactopyranoside (CPRG ; Boehringer Mannheim) and used to normalize CAT results. β-Galactosidase activity was measured with 10 µl of cell extract in a reaction mixture consisting of 2.5 mM CPRG and 1.25 mM MgCl # . After incubation for 0.5-1 h at 37 mC, the reaction was stopped by the addition of 3 mM ZnCl #
; the absorbance of the reaction product was measured at 574 nm. CAT activity was determined with 50-100 µl of cell extract in the presence of acetyl-CoA and ["%C]chloramphenicol in a total volume of 150 µl. The mixture was incubated at 37 mC for 2 h, extracted with ethyl acetate and dried in a vacuum desiccator. Acetylated and non-acetylated forms of ["%C]-chloramphenicol were resuspended in 20 µl of ethyl acetate and separated by TLC for 30 min at room temperature with chloroform\methanol (97 : 3, v\v) as the mobile phase. The percentage conversion of chloramphenicol into its acetylated forms was determined with a PhosphorImager.
Preparation of nuclear extracts and electrophoretic mobility-shift assay (EMSA)
To prepare the nuclear extracts, 1.0i10) cells were washed with PBS and resuspended in 1 ml of buffer [10 mM Hepes (pH 7.9)\ 1.5 mM MgCl # ]. The cells were incubated on ice for 15 min and the nuclei were then pelleted by centrifugation for 15 min at 3000 g and 4 mC. The pellet was resuspended in 200 µl of buffer [30 mM Hepes (pH 7.9)\1.5 mM MgCl # \0.2 mM dithiothreitol\ 1 mM PMSF\1 µg\ml aprotinin\1 µg\ml leupeptin\500 mM KCl\10 % (v\v) glycerol]. The cells were incubated on ice for 30 min and pelleted by centrifugation for 20 min at 12 000 g and 4 mC. The supernatant was recovered as the nuclear extract and protein concentrations were determined by a modified Bradford method [23] (Bio-Rad).
For EMSA, 8 µg of nuclear extract protein was mixed with the binding buffer [30 mM Hepes (pH 7.9)\1.5 mM MgCl # \0.2 mM dithiothreitol\1 mM PMSF\1 µg\ml aprotinin\1 µg\ml leupeptin\100 mM KCl\10 % (v\v) glycerol containing 0.5 µg of poly(dI-dC)]. Approximately 10 000 c.p.m. of double-stranded $#P-labelled oligonucleotides containing the Sp1 and NE-1 sequences were used as respective probes. In the competition experiments, a 100-fold molar excess of unlabelled oligomers was incubated with the nuclear extracts before the addition of $#P-labelled oligonucleotides. For supershift analysis, 1 µl of antibody was incubated with the nuclear extracts at room temperature for 30 min in the binding buffer, followed by an additional incubation for 20 min at room temperature with the labelled probe. Bound and free DNA were resolved by electrophoresis through a 5 % (w\v) polyacrylamide gel in 0.25iTBE for 2 h at 120 V ; the gels were dried and exposed for autoradiography overnight at k70 mC. Regulation of dynamin I promoter activity in neuronal cells
UV cross-linking of nuclear proteins to DNA
The binding reaction mixture of probe and nuclear extracts was exposed to UV (254 nm) for 60 min at a distance of 2 cm from the light source. The UV cross-linking reaction was blocked by the addition of 5 µl of 5iLaemmli gel loading buffer and subjected to SDS\PAGE [10 % (w\v) gel]. One lane was for the prestained protein molecular mass marker (broad range, 7-203 kDa ; Bio-Rad). After electrophoresis, the gel was dried under vacuum ; the protein directly involved in the DNA interaction was identified by autoradiography.
RESULTS
Cloning of the 5h-flanking region of the mouse dynamin I gene
Screening of a mouse genomic library with a 5h fragment of the mouse dynamin I cDNA identified several bacteriophage clones that contained 5h-flanking regions of this gene. After further characterization by Southern blot analysis, a 6 kb fragment containing 1 kb of the upstream region was subcloned into
Figure 1 Nucleotide sequence of the 5h-flanking region of the dynamin I gene
Shown is the 1173 nt sequence, which contains 931 nt of the 5h-flanking region and 240 nt of the first exon (105 nt of 5h untranslated region and 135 nt of coding sequence). Nucleotide numbering starts at the transcription initiation site (j1), which is indicated by a bent arrow. The first codon (j106 to j108) is shown in bold. Sequences with possible biological significance (AP2, Sp1, C/EBPβ, NFAT-1, GATA and NF-κB) are indicated and are also shown in bold. Boxed regions indicate the critical factor-binding sites for expression of the dynamin I gene, shown in this paper. The binding region of the primer EP used in primer extension analysis is underlined.
Figure 2 Determination of the transcription start site of the dynamin I gene
The transcription start site was mapped by primer extension analysis. A 36-base oligonucleotide, EP, complementary to the coding strand at positions j70 to j105, was end-labelled with [γ-32 P]ATP by T4 polynucleotide kinase, annealed to 10 µg of total RNA from NS20Y cells and extended with reverse transcriptase. The extension products were analysed on an 8 M urea/6 % (w/v) polyacrylamide gel along with a dideoxy DNA sequencing reaction, with EP as the primer. The lanes G, A, T and C correspond to the nucleotides in the non-coding strand. The 105 nt extension products in lane P are indicated with an arrow. DNA sequences (non-coding strand) surrounding the transcription start site are shown at the left.
pBluescript SK(k) to obtain pBS-dynIP. Figure 1 shows the 1173 nt sequence established from this clone, which contains 931 nt of the 5h-flanking region and 240 nt of the first exon (105 nt of 5h untranslated region and 135 nt of coding sequence). The 5h-flanking sequence was analysed with TRANSFAC [24] . The proximal sequence of the 5h-flanking region is devoid of canonical cis-acting elements such as a TATA box or a CAAT box but contains potential binding sites for several transcription factors such as Sp1, NF-κB and AP2.
Identification of transcription initiation site
Primer extension analysis was performed to determine the transcription initiation site of the mouse dynamin I gene. A 36 nt oligonucleotide (EP) complementary to the coding strand at positions j70 to j105 was used as an extension primer. Total RNA (10 µg) from mouse NS20Y neuroblastoma cells was hybridized with this probe and extension products were analysed on a 6 % (w\v) sequencing gel along with a dideoxy DNA sequencing reaction of pBS-dynIP, with EP as the primer. This yielded a single radiolabelled band 105 nt in length (Figure 2) . The nucleotide at this position was designated j1, the start of transcription initiation.
Cell-type-specific expression and functional analysis of the dynamin I gene promoter
To determine whether or not the 5h-flanking sequence of the mouse dynamin I gene contains a cell-type-specific promoter, we constructed a reporter plasmid, pCATIP931, containing a 931 bp 5h-flanking sequence of the dynamin I gene (k931 to j105) fused to the promoterless CAT gene in pCAT-Basic. The construct was assayed for promoter activity by transient trans- fection into mouse neuroblastoma NS20Y, fibroblast NIH 3T3, Hepa1C1C7 and Lewis lung cells. As a negative control, pCATBasic was transfected into parallel cultures of each cell line. The CAT activity from pCATIP931 was normalized to the β-galactosidase activity derived from the co-transfected internal control plasmid pCMVβ and shown as multiples of the activity obtained with pCAT-Basic (taken as 1) transfected into that cell line. Mouse neuroblastoma NS20Y cells transiently expressed substantial CAT activity (4-fold), whereas Lewis lung cells showed only minimal CAT activity, not greater than that driven by pCAT-Basic ( Figure 3A ). Hepa1C1C7 and NIH 3T3 cells expressed an intermediate level of CAT activity (approx. 2-fold ; results not shown). These results suggest that the 931 bp 5h-flanking sequence contains sufficient information to direct celltype-specific expression of the dynamin I gene.
To map the regions that regulate cell-type-specific gene expression, we made a series of reporter plasmids containing progressive 5h deletions between nt k931 and 0. Because the construct pCATIP931 expressed substantial CAT activity in NS20Y cells but not in lung cells, these chimaeric constructs were transfected into these two cell lines ( Figure 3A) . Lewis lung cells showed only minimal CAT activity for all deletion constructs. In NS20Y cells, a slight decrease in promoter activity was detected as the 5h-deletion mutation approached k731 relative to the transcription start site. Further deletion from k730 to k531 increased the promoter activity, suggesting the presence of a negative element in this region. Deletion up to nt k331 had little effect on promoter activity. Extension of the 5h deletion to nt k1 drastically decreased the promoter activity to that seen with the promoterless control vector. These results demonstrate that the sequence between k330 and k1 is necessary for cell-typespecific promoter activity.
To identify the regulatory region more precisely, a series of 5h deletion constructs from between k330 and k1 were transfected into NS20Y cells ( Figure 3B ). Sequential deletion of the region between nt k330 and k120 had little effect on CAT activity. Further deletion from k120 to k90 increased the promoter activity, suggesting the presence of a negative element in this region. Further analysis of the dynamin I promoter revealed that construct pCATIP90, containing a fragment from k90 to j105, showed the highest promoter activity. Deletion from k90 to k61 (pCATIP60) led to a significant decrease in promoter activity compared with pCATIP90. Construct pCATIP30 has a substantial promoter activity compared with pCATIP0. These findings suggest that cell-type-specific and constitutive promoter activities of the dynamin I gene are dependent on elements spanning k90 to k61 and k30 to k1.
Contribution of the Sp1-binding site and NE-1 to the promoter activity of the mouse dynamin I gene
Because plasmid pCATIP90 was the shortest construct with the highest promoter activity, we used this construct to define further the regulatory element on the dynamin I promoter activity. A Sp1-binding site and NE-1 were present in this region (k90 to k1). To define whether these two elements contribute to the dynamin I promoter activity, the Sp1-binding site and NE-1 sequences were mutated and the effects of each mutation on promoter activity were determined in NS20Y cells. Mutation of the NE-1 sequence in pCATIP90 decreased promoter activity to the lower level of the truncated promoter construct pCATIP60, in which the 30 bp upstream of pCATIP90, containing NE-1, was removed ( Figure 4A ). The mutation of the Sp1 element also decreased promoter activity significantly ( Figure 4B ). These results suggest that Sp1 and NE-1 are required for display of the proper expression levels of the dynamin I gene in neuronal cells. Regulation of dynamin I promoter activity in neuronal cells 
Transcription factor Sp1 binds to the Sp1 element
The construct pCATIP30 has a substantial promoter activity compared with pCATIP0 ; the Sp1 element in this region is critical for promoter activity of the dynamin I gene (Figures 3  and 4) . To determine the DNA-protein complexes forming over this region, we performed an EMSA analysis. The oligonucleotide spanning k30 to k11 did not form any specific DNA-protein complex (results not shown). However, a specific DNAprotein complex was formed when the oligonucleotide spanning k20 to k1 was used as a probe ( Figure 5, lane 1) . Complex formation was inhibited specifically by adding excess amounts of unlabelled Sp1 consensus oligonucleotide ( Figure 5, lane 2) but not by the Sp1 mutant oligonucleotide (lane 3), indicating that these DNA-protein complexes were formed by Sp1-specific binding protein and the Sp1 oligonucleotide. Indeed, in a subsequent supershift analysis with a mouse Sp1-specific monoclonal antibody, the addition of antibody further decreased the mobility of the majority of these DNA-protein complexes ( Figure  5 , lane 6). Taken together, the results further demonstrate directly that Sp1 binds to the Sp1 element spanning k13 to k4.
Factor binding the NF-κB-like element
NE-1, spanning k73 to k64, is crucial for the promoter activity of the dynamin I gene (Figure 4) . We therefore performed an EMSA analysis to determine whether or not NF-κB binds to this element. A specific DNA-protein complex was formed when the oligonucleotide spanning k75 to k56 (NE-1) was used as a probe ( Figure 6A, lane 1) . Complex formation was inhibited specifically by adding excess unlabelled NE-1 oligonucleotide ( Figure 6A, lane 2) . Surprisingly, however, the NF-κB consensus oligonucleotide did not inhibit the formation of the specific DNA-protein complex ( Figure 6A, lane 3) . We also tested subsequent supershift analyses with NF-κB-specific monoclonal or polyclonal antibodies (p50, p65, RelB and c-Rel) but antibody addition did not alter the mobility of these DNA-protein complexes ( Figure 6B ). To confirm that the antibodies that we used interacted with NF-κB if it was present in nuclear extracts, we performed EMSA with nuclear extracts of mouse pre-B lymphoma 70Z\3 cells that had been treated with 1 µg\ml lipopolysaccharide for 2 h using the NF-κB probe ( Figure 6C ). Two specific complexes ( Figure 6C , lane 1, arrows) were formed ; we then performed supershift analyses to examine which subunit of NF-κB was contained in these complexes. A supershifted complex was formed when p65 and p50 antibodies were added to the reaction ( Figure 6C, lane 2 and 3 respectively, arrowhead) . It has been shown that the transcription factor NF-κB in 70Z\3 cells is activated by treatment with lipopolysaccharide [25] . These results indicate that NEBP is not NF-κB.
Next, to delineate the core-binding site for NEBP in NE-1, we performed EMSA competition analysis with a series of mutant oligonucleotides (m1NE-1 to m5NE-1). DNA-protein complex formation was specifically inhibited by the addition of excess unlabelled m4NE-1 and m5NE-1 oligonucleotides ( Figure 7A , lanes 6 and 7) but not by the oligonucleotides m2NE-1 and m3NE-1 (lanes 4 and 5). These results suggest that CGAATCCC sequences in NE-1 are critical for the binding of NEBP to NE-1. Because oligonucleotide m1NE-1 did not inhibit the specific complex formation completely ( Figure 7A, lane 3) , we conclude that the TCCG sequence in the NE-1 region partly contributes to complex formation.
As shown in Figure 7 (C), the NE-1 core sequence differs in a few nucleotides from a consensus NF-κB-binding site. However, the NF-κB consensus oligonucleotide did not inhibit the formation of a specific DNA-protein complex ( Figure 6A, lane 3) . To assess whether these subtle sequence differences have any role in binding specificity to discriminate between NEBP and NF-κB, we synthesized mutant NE-1 oligonucleotides containing one or more mutations in the NE-1 core sequence GGGATTCGCGGA, and performed EMSA competition analysis ( Figure 7B ). The mutation of the underlined G residue within the NE-1 core sequence GGGATTCGCGGA to C did not inhibit DNAprotein complex formation ( Figure 7B, lane 3) but altering the next G to C completely inhibited specific complex formation (lane 4). The oligonucleotide with double mutations had no inhibitory effect ( Figure 7B, lane 5 ). These results demonstrate that one base in the NE-1 core sequence is critical for binding specificity to discriminate between NEBP and NF-κB.
UV cross-linking of the NE-1-binding complex
To determine the molecular mass of the activator component directly in contact with the NE-1 and to estimate the numbers of molecules involved, we performed UV cross-linking of NS20Y nuclear extracts to the labelled NE-1 probe. For this, radiolabelled DNA-protein complex was exposed to UV (254 nm) for 60 min before gel separation by SDS\PAGE [10 % (w\v) gel]. As shown in Figure 8 , a single band of approx. 124 kDa comprising the DNA-protein complex was identified (lane 1). Complex formation was specifically inhibited by adding excess unlabelled NE-1 oligonucleotide to the binding reaction ( Figure 8, lane 2) . By subtracting the molecular mass of the NE-1 probe, the molecular mass of NEBP was estimated as approx. 104 kDa. Similar results were obtained in a repeat experiment.
DISCUSSION
In brain, three different isoforms of dynamin (brain-specific dynamin I, ubiquitously expressed dynamin II, and dynamin III, which was originally described as being testis-specific) are expressed simultaneously. The mRNA levels of dynamin I and III are also up-regulated throughout brain development, whereas the levels of dynamin II mRNA remain unchanged. Therefore, for an understanding of the role of this protein in i o, it is important to establish the regulation mechanism that confers cell-type and development-stage specificity of dynamin I. For this purpose we performed molecular cloning and functional characterization of the upstream regulatory region of the mouse dynamin I gene. On the basis of the results of 5h-end serial deletion analyses, we localized the core promoter controlling this expression to a minimal region situated between k90 and k1 bp upstream of the transcription initiation site of dynamin I.
From our results, two cis-elements were identified as being crucial for the dynamin I promoter activity. The first of these is the Sp1 element. The transcription factor Sp1 was shown to bind this element ( Figure 5 ). Sp1 is a well-characterized sequencespecific DNA-binding protein that is important in the transcription of many cellular and viral genes that contain GC boxes in their promoters [26] [27] [28] [29] [30] . In all of these promoters, Sp1 elements are required for efficient transcription. For many TATA-less promoters, activation requires the multisubunit TFIID complex [31, 32] , with Sp1 binding at GC boxes functioning to stabilize the interaction of TFIID with the transcription start site [33, 34] . We demonstrated that Sp1 is critical for the dynamin I gene expression by showing that Sp1 was the major binding factor on the Sp1 element and that mutation of the Sp1 element resulted in an decrease in the promoter activity in NS20Y cells.
The NF-κB-like element, named NE-1 in this study, is another crucial cis-element for dynamin I promoter activity. NE-1 includes a potential binding site for the transcription factor NF-κB but we showed that the major protein (NEBP) that binds to the NE-1 element is not NF-κB ( Figure 6 ). However, NEBP has a binding sequence that is very similar to the consensus sequence of the NF-κB-binding site. We also defined that the underlined G residue within the GGGATTCGCGGA motif is critical for binding specificity to discriminate between NEBP and NF-κB. Several factors other than NF-κB have been shown to interact with NF-κB-like motifs, including AP-3, MP-1, PRDII-BF1, HIV-EP1 and MBPII [35] [36] [37] [38] [39] . Briegel et al. [40] showed that TCF-1 binds more strongly than NF-κB to an NF-κB-like motif (TCEd) in the interleukin 2 promoter. They demonstrated that the conversion of TCEd to a perfect NF-κB-binding site leads to a tighter binding of NF-κB to TCEd DNA and abolishes its T-cellrestricted activity. They also proved that a change in one nucleotide determines whether this NF-κB-like proto-enhancer motif acts as a cell-type-specific or an ubiquitous enhancer motif. In our study we demonstrated that NE-1 is a critical element of dynamin I gene expression by showing that a transcription factor (NEBP) was able to bind to the NE-1 element and that mutation of the NE-1 sequence resulted in a decrease in the promoter activity in NS20Y cells.
As mentioned above, dynamin I gene expression is high in brain and its expression is regulated during brain development. The 5h-promoter region of the dynamin I gene displays a strong activity in the neuronal cell line. However, Sp1 and NEBP, which are themselves critical for dynamin I promoter activity, are not neuron-specific transcription factors (NEBP formed a specific DNA-protein complex with NE-1 in lung cell nuclear extracts ; results not shown). However, the promoter activity of dynamin I, which seems to be strongly dependent on the ubiquitously expressed Sp1 and NEBP, might be regulated in a tissue-specific manner by these factors in several ways. The first possibility is the availability of these factors ; Saffer et al. [41] showed that the levels of Sp1 protein vary between different tissues. They showed that Sp1 expression varies greatly in different cell types and that changes in Sp1 levels occur during development. From these results they suggested that, although Sp1 is ubiquitously expressed, substantial variations that are likely to have an important regulatory role occur in Sp1 expression. Another possibility is that binding of some cell-type-specific transcription factors, which allow cell-type-specific activity of the dynamin I promoter, to its binding site is dependent on the interaction with Sp1 or NEBP ; Tretiakova et al. [42] showed that binding of Puralpha, a cell-type-specific transcription factor, to its binding site, is enhanced by inclusion of Sp1 in the binding reaction. They also showed that transient interaction of Puralpha and Sp1 might result in a stable association of Puralpha with its binding element and these factors synergistically stimulate myelin-basic-protein promoter activity in cells of the central nervous system. Further studies involving identification of proteins that bind with Sp1 or NEBP will therefore facilitate the elucidation of the tissuespecific and developmental-stage-specific expression of the dynamin I gene. We also tried to find the negative element in the region between k120 to k90, and found that YY-1 binding element is present in this region (J. Yoo and M. Y. Han, unpublished work).
In summary, we have demonstrated for the first time the importance of elements within the proximal region of the mouse dynamin I promoter for cell-type-specific expression. This analysis also provides novel information on how the dynamin I gene is regulated in mouse neuroblastoma cells. Given the importance of the Sp1 and NE-1 sequences for cell-type-specific expression, it will be of interest to characterize NEBP and find other transcription factors that interact with Sp1 or NEBP.
